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(54) Key top member for push button switch structure and method for manufacturing same 



(57) A key top member (1 0) for a push button switch 
structure capable of facilitating change and modification 
of a design while eliminating deformation and misregis- 
tration of a display section, being accommodated to a 
variety of data, being increased in design properties and 
visibility, and being reduced in manufacturing cost. An 
upper resin sheet (2) made of thermoplastic resin and 



having display sections (1) such as a letter, a symbol, a 
pattern or the like printed thereon is formed with projec- 
tions (3) having configurations conforming to outer con- 
figurations of key top elements. The projections (3) are 
each securely provided therein with a filler member (5) 
made of photosetting resin directly or through an adhe- 
sive. 



FIG. 1 




Printed by Jouvc, 75001 PARIS (PR) 



1 



EP 1 102 292 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a key top member for s 
a push button switch structure suitable for use for a data 
input device, a switch device or the like for mobile com- 
munication equipment such as a mobile phone or a car 
phone, a home telephone, an electronic notebook, a 
measuring instrument, a vehicle mounted-switch, a re- 10 
mote control, a computer, a personal computer, or the 
like, and a method for manufacturing the same, and 
more particularly to a key top member for a push button 
switch structure which permits a display section such as 
a symbol, a letter, a pattern or the like printed on a sheet is 
to exhibit enhanced design characteristics and durability 
and is used for a back-lighted push button switch struc- 
ture as well. 

[0002] In general, a push button switch structure for 
equipment such as mobile communication equipment 20 
like a mobile phone, an electronic notebook, a measur- 
ing instrument, a remote control or the like is so con- 
structed that a key top member or a cover having key 
top elements arranged thereon is mounted on a circuit 
board received in a casing of the equipment, to thereby 25 
function as a switch structure for carrying an ON-OFF 
operation of a circuit of the equipment. Such a push but- 
ton switch structure typically has a key top member in- 
corporated therein, which is formed of thermoplastic 
resin into a predetermined configuration by injection 30 
molding. Recently, it has been demanded to apply a va- 
riety of designs such as a symbol, a pattern and the like 
to the key top by printing. This is carried out by in-mold 
techniques or insert molding of applying a variety of de- 
signs to a resin sheet by printing, interposedly incorpo- 35 
rating the printed resin sheet in a mold for injection mold- 
ing of a key top and then carrying our drawing of the 
printed resin sheet concurrently with molding of the key 
top by means of a pressure of resin being injected rather 
than techniques of directly subjecting a key top to print- 40 
ing. 

[0003] Unfortunately, such in-mold forming or injec- 
tion molding requires an expensive mold for injection 
molding which is constructed to have a special structure. 
Also, it causes molding conditions to be severe, leading 45 
to a deterioration in productivity and causes a material 
for the molding to be subjected to a restriction, resulting 
in an increase in manufacturing cost. For example, the 
injection molding is carried out while keeping the printed 
resin sheetplaced in the mold, therefore, the printed res- so 
in sheet is required to exhibit enhanced heat resistance. 
Also, the in-mold forming or injection molding requires 
to provide the mold with an injection gate for each of 
portions of the printed resin sheet to be subjected to 
drawing. More specifically, it is required to provide the 55 
mold with at least one gate for every configuration of key 
top elements constituting the key top to be molded. 
Thus, formation of a plurality of key top elements by 



molding causes the mold to be expensive and compli- 
cated in structure. Also, it is required to inject molten 
resin for drawing of the printed resin sheet at a high tem- 
perature under an increased pressure while adjusting 
injection conditions for the gates in association with 
each other. This requires to precisely control tempera- 
ture conditions, pressure conditions and the like for each 
of the resin and mold. 

[0004] Further, in the in-mold forming or injection 
molding, a portion of the printed resin sheet to be posi- 
tioned on each of the key top elements is extended by 
the molten resin, to thereby cause a configuration of a 
design previously formed on the printed resin to be de- 
formed or shifted, leading to a deterioration in aesthetic 
properties of the key top finished. 

SUMMARY OF THE INVENTION 

[0005] The present invention has been made in view 
of the foregoing disadvantages of the prior art. 
[0006] Accordingly, it is an object of the present inven- 
tion to provide a key top member for a push button 
switch structure which is capable of being readily man- 
ufactured at a reduced cost while having a printed resin 
sheet interposedly incorporated therein. 
[0007] It is another object of the present invention to 
provide a key top member for a push button switch struc- 
ture which is capable of being inexpensively and readily 
manufactured without requiring an expensive injection 
mold. 

[0008] It is a further object of the present invention to 
provide a key top member for a push button switch struc- 
ture which is capable of exhibiting highly enhanced qual- 
ity. 

[0009] It is still another object of the present invention 
to provide a method for manufacturing a key top mem- 
ber for a push button switch structure which is capable 
of readily providing a key top member attaining the 
above-described objects. 

[0010] In accordance with one aspect of the present 
invention, a key top member for a push button switch 
structure including at least one key top element is pro- 
vided. The key top member includes a resin sheet hav- 
ing at least one display section printed thereon and pro- 
vided with at least one projection having a configuration 
conforming to an outer configuration of the key top ele- 
ment. The key top member also includes at least one 
filler member made of photo-setting resin and securely 
arranged in the projection, to thereby constitute the key 
top element in cooperation with the projection. 
[0011] In a preferred embodiment of the present in- 
vention, the printed resin sheet acts as an upper resin 
sheet. The key top member further includes a lower res- 
in sheet securely arranged under the upper resin sheet 
and filler member through an adhesive. The lower resin 
sheet may be unfigured or has display sections ar- 
ranged thereon. The filler member is surrounded by the 
upper and lower resin sheets while being vertically in- 



2 



EP 1 102 292 A2 



terposed therebetween. 

[0012] In a preferred embodiment of the present in- 
vention, the lower resin sheet has at least one display 
section formed thereon in a manner to be different from 
the display section of the upper resin sheet. 
[0013] In accordance with this aspect of the present 
invention, a key top member for a push button switch 
structure which includes at least one key top element is 
provided. The key top member includes an upper resin 
sheet formed to be unfigured and provided with at least 
one projection having a configuration conforming to an 
outer configuration of the key top element, at least one 
filler member made of photo-setting resin and securely 
arranged in the projection, and a lower resin sheet se- 
curely arranged under the upper resin sheet and filler 
member through an adhesive. The lower resin sheet has 
at least one display section such as a letter, a symbol, 
a pattern or the like printed thereon. The filler member 
is surrounded by the upper and lower resin sheets while 
being vertically interposed therebetween, to thereby 
constitute the key top element in cooperation with the 
projection. 

[0014] In a preferred embodiment of the present in- 
vention, the lower resin sheet is provided thereon with 
at least one microprojection adapted to press an elec- 
trical contact of the push button switch structure. 
[0015] In accordance with another aspect of the 
present invention, a method for manufacturing a key top 
member for a push button switch structure which in- 
cludes at least one key top element is provided. The 
method includes the steps of forming a resin sheet hav- 
ing at least one display section printed thereon with at 
least one projection having a configuration conforming 
to an outer configuration of the key top element; and se- 
curely arranging a filler member made of photo-setting 
resin in the projection to constitute the key top element 
in cooperation with the projection. 
[0016] In a preferred embodiment of the present in- 
vention, the resin sheet includes a thermoplastic resin 
sheet which has a plurality of the display sections pre- 
viously printed thereon so as to conform to outer con- 
figurations of the key top elements. Theformingthe ther- 
moplastic resin sheet with the projections is carried out 
by stretching portions of the resin sheet other than por- 
tions thereof which correspond to top surfaces of the 
projections at which the display sections are arranged 
substantially without stretching the portions correspond- 
ing to the top surfaces, to thereby prevent deformation 
of the display sections printed and misregistration there- 
of. 

[0017] In a preferred embodiment of the present in- 
vention, the arranging of the filler member includes 
pouring photo-setting resin in the projection after form- 
ing the resin sheet with the projection, and exposing the 
photo-setting resin to light, to thereby securely cure the 
photo-setting resin in the projection. 
[0018] In a preferred embodiment of the present in- 
vention, the method further includes the step of arrang- 



ing an additional resin sheet under the cured photo-set- 
ting resin through an adhesive, whereby the filler mem- 
ber is surrounded by the resin sheet having the projec- 
tion and the additional resin sheet while being vertically 
5 interposed therebetween. 

[0019] In a preferred embodiment of the present in- 
vention, the additional resin sheet has at least one dis- 
play section formed thereon in a manner to be different 
from the display section of the resin sheet having the 
10 projection. 

[0020] In a preferred embodiment of the present in- 
vention, the forming the resin sheet with the projection 
includes heating the other portions of the resin sheet so 
as to be softened using a heating die and shaping the 
15 resin sheet to be provided with the projection using a 
forming mold. 

[0021 ] In the present invention, the resin for the filler 
member is filled in the projection of the resin sheet print- 
ed or unfigured, lo thereby be integrated with the resin 
20 sheet due to solidification thereof. Thus, the adhesive 
may be interposed between the resin sheet and the filler 
member in view of bonding strength therebetween de- 
pending on a material for each of the resin sheet and 
filler member, forming conditions and the like. The ad- 
25 hesive may be a hot-melt adhesive such as a vinyl chlo- 
ride resin adhesive, a polyester resin adhesive or the 
like. Alternatively, it may be a thermosetting adhesive 
such as an urethane resin adhesive, an epoxy resin ad- 
hesive or the like. 
30 [0022] Also, in the present invention, the resin sheet 
having the display section printed thereon orthe printed 
resin sheet may be formed on one surface thereof with 
an ink receiving layer. The ink receiving layer may be 
provided with a graphic printing layer including a display 
35 section such as a light-permeable letter, pattern or sym- 
bol by means of microdots having a plurality of colors 
including at least cyan, magenta and yellow. The filler 
member may be arranged on a lower surface of the 
printed layer. When the display section is formed on the 
40 resin sheet by means of a printer, the key top member 
may be accommodated to a variety of design forming 
data, to thereby be suitable for not only full-color display 
at enhanced definition and accuracy but diversified 
small-quantity production. Also, arrangement of the filler 
45 member under the printed display section permits the 
display section to provide satisfactory brightness and 
chroma, to thereby exhibit increased visibility. Also, it 
permits the display section to be readily accommodated 
to special decoration commonly utilizing metallic deco- 
50 ration, hologram decoration, an actual photograph, 
computer graphics (CG) or the like, so that the key top 
member of the present invention may highly appeal to 
users. 

[0023] Also, arrangement of the printed display sec- 
55 tion between the transparent resin sheet and the filler 
member prevents wear of the printed display section 
during operation of the key top, to thereby ensure that 
the display section exhibits enhanced durability and vis- 
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ibility over a long period of time. 
[0024] Further, the method of the present invention 
permits a design created by a computer to be applied 
directly to the printed display section without a making- 
up step or the like. Also, the printing is carried out on 5 
the resin sheet, to thereby inexpensive as compared 
with printing on a molded article or the like. In addition, 
it facilitates formation of a layer colored white, silver or 
the like in an industrial scale. Thus, it permits diversified 
small-quantity production of the key top to at a low cost. 10 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] These and other objects and many of the at- 
tendant advantages of the present invention will be 15 
readily appreciated as the same becomes better under- 
stood by reference to the following detailed description 
when considered in connection with the accompanying 
drawings; wherein: 

20 

Fig. 1 is an enlarged vertical sectional view showing 
an embodiment of a key top member for a push but- 
ton switch structure according to the present inven- 
tion: 

Figs. 2A, 2B and 2C are enlarged vertical sectional 25 
views showing another embodiment of a key top 
member for a push button switch structure and 
modifications thereof according to the present in- 
vention; 

Fig. 3 is an enlarged vertical sectional view showing 30 
a further embodiment of a key top member for a 
push button switch structure according to the 
present invention; 

Figs. 4A to 4F each are a schematic sectional view 
showing each of steps in manufacturing of an upper 35 
resin sheet incorporated in a key top member ac- 
cording to the present invention; and 
Figs. 5A to 5C each are a schematic view showing 
each of steps in manufacturing of a key top member 
for a push button switch structure according to the 40 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

45 

[0026] Now, the present invention will be described 
with reference to the accompanying drawings. 
[0027] Referring first to Fig. 1 , an embodiment of a 
key top member for a push button switch structure ac- 
cording to the present invention is illustrated. A key top so 
member of the illustrated embodiment generally desig- 
nated at reference numeral 10 includes a thermoplastic 
resin sheet 2 acting as an upper resin sheet and having 
display sections 1 such as a letter, a symbol a pattern 
or design, or the like printed thereon, to thereby be a 55 
printed resin sheet. The printed resin sheet 2 is formed 
with hollow projections 3, each of which is shaped in 
conformity to an overall or outer configuration of each 



of key top elements constituting the key top. The key top 
member 1 0 of the illustrated embodiment also includes 
filler members 5 each made of photo-setting resin and 
securely arranged in a respective one of the projections 
3 directly or through an adhesive (not shown), to thereby 
constitute each of the key top elements in cooperation 
with each of the projections 3. 

[0028] In the illustrated embodiment, a plurality of the 
projections 3 are formed in series in a mannerto be con- 
nected to each other. The key top member 10 of the il- 
lustrated embodiment may include only one such pro- 
jection 3. Such a key top member may be incorporated 
in various electronic equipment in such a manner that 
one or more key top elements independent from each 
other or a plurality of key top elements partially connect- 
ed to each other are combined with pressers, rubber 
cover members and the like as required. 
[0029] Referring now to Fig. 2A, another or a second 
embodiment of a key top member for a push button 
switch structure according to the present invention is il- 
lustrated. A key top member 1 0 of the illustrated embod- 
iment includes another or a second resin sheet 22 ar- 
ranged through an adhesive 21 under a resin sheet 2 
acting as an upper resin sheet and filler members 5 so 
as to act as a lower resin sheet, resulting in the filler 
members 5 being surrounded with the upper and lower 
resin sheets while being vertically interposed therebe- 
tween. 

[0030] In the illustrated embodiment, the lower resin 
sheet 22 may be plain or unfigured as shown in Fig. 2A 
or have display sections la constructed in a manner to 
be different from the display sections 1 of the upper resin 
sheet 2 printed thereon, as shown in Fig. 2B. Alterna- 
tively, the upper resin sheet 2 may be plain and only the 
lower resin sheet 22 may have display sections la print- 
ed thereon, as shown in Fig. 2C. The remaining part of 
the illustrated embodiment or each modification thereof 
may be constructed in substantially the same manner 
as the first embodiment described above. 
[0031] Referring now to Fig. 3, a further or third em- 
bodiment of a key top member for a push button switch 
structure according to the present invention is illustrat- 
ed. A key top member TO of the illustrated embodiment 
includes a plurality of microprojections 23 provided on 
a lower surface of a lower resin sheet 22 so as to be 
downwardly projected therefrom. The microprojections 
23 each function as a presser for pressing an electrical 
contact of a push button switch. 

[0032] Alternatively, filler members 5 made of a photo- 
setting resin may each be provided with a protrusion in 
a manner to be integral with or separate from the filler 
member and then the lower resin sheet 22 is arranged 
so as to cover the protrusions, so that the protrusions 
may each act as a presser for an electrical contact. The 
remaining part of the illustrated embodiment may be 
constructed in substantially the same manner as the 
embodiments described above. 

[0033] Now, manufacturing of the key top member of 
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the present invention thus constructed will be described. 
A material for the upper resin sheet 2 having the display 
sections 1 printed thereon is not limited to any specific 
material so long as it is thermoplastic resin. However, in 
view of printing properties of the resin sheet 2 and mold- 
ability of the projections 3, the upper resin sheet 2 may 
be suitably made of a material selected from the group 
consisting of polyester resin, acrylic resin, styrene resin, 
olefin resin, polycarbonate resin, ABS resin, polypropyl- 
ene resin, ally) resin, vinyl chloride resin, modified pol- 
ymers thereof, alloy compounds thereof and the like. • 
[0034] More specifically, the materials include, for ex- 
ample, polyethylene terephthalate, polyethylene naph- 
thalate, polycarbonate, polypropylene, polyacrylic ester, 
polystyrene, vinyl chloride and the like. A colorless 
transparent resin sheet, a colored transparent resin 
sheet or a semi-transparent resin sheet which may be 
made of such a material as described above may be 
used as the upper resin sheet 2. The resin sheet 2 may 
be formed to have a thickness of about 10 to 500 ujti. 
The resin sheet 2 has the display sections 1 each in- 
cluding a letter, a symbol, a pattern or the like printed 
on one or both surfaces thereof. 

[0035] Printing techniques, a type of an ink and the 
like used for the printing are not substantially subjected 
to any restriction. For example, printing such as screen 
printing, offset printing, gravure printing, pad printing, 
thermal transfer printing, ink jet printing, sublimation 
printing or the like may be suitably used. Inks used for 
the above-described printing techniques may be used, 
in order to facilitate printing which forms more compli- 
cated decoration and exhibits enhanced design proper- 
ties, an electronic printer such as a fusion type thermal 
transfer printer, a sublimation type thermal transfer print- 
er , an ink jet type printer, a toner transfer printer or the 
like may be used. Thus, at least any one of a sublimation 
type heat transfer printer, a toner electronic type printer, 
an electrostatic image type printer, a laser exposure 
thermal development type printer, an ink jet type printer, 
a thermal transfer printer, a heat color-development type 
printer may be used for forming the display sections 1 
including a light-permeable color, pattern or symbol by 
means of microdots having a plurality of colors such as 
a combination of cyan, magenta and yellow. 
[0036] Also, a combination of the above-described 
printing with a deposited metal film, a thin film by sput- 
tering, a transferred foil or the like may be applied to 
formation of a laminate, working for decoration such as 
laser working, or the like. 

[0037] The display sections 1 may be formed on at 
least one of upper and lower surfaces of the upper resin 
sheet 2. However, the illustrated embodiment may be 
so constructed that the upper resin sheet 2 is made of 
a transparent material and the display sections 1 are ar- 
ranged on a rear surface of the upper resin sheet 2 by 
printing. Such construction prevents the display sec- 
tions 1 from being externally exposed, to thereby en- 
hance resistance to wear thereof . Thus, the display sec- 



tions 1 each including a letter or the like are printed on 
the rear surface of the transparent resin sheet 2, result- 
ing in the display sections each constituting an inner or 
upper surface of each of the projections 3, so that wear 
5 of the printed display section 1 during operation of the 
key board may be effectively prevented. Also, the resin 
sheet 2 having a variety of designs and a silver foil (not 
shown) may be laminated on each other to provide me- 
tallic decoration or a punched or void character may be 
10 printed thereon to provide back-lighting of the character. 
Further, in order to enhance wear resistance of the resin 
sheet 2 and marring resistance thereof, the resin sheet 
may be subjected to a hard coat treatment using acrylic 
resin, silicone resin, melamine resin or the like. 
is [0038] The display sections 1 are each printed on a 
portion of the resin sheet 2 positionally corresponding 
to a top surface of each of the projections 3, as well as 
a side surface thereof as required. 
[0039] Also, the upper resin sheet 2 may be formed 
20 by laminating a plurality of resin sheet members of the 
identical type or different type on each other. This is suit- 
ably selected depending on factors such as thermal 
characteristics of the resin sheet 2 : workability thereof, 
printing characteristics thereof, design characteristics 
25 thereof and the like. 

[0040] Further, in order to enhance printability of the 
upper resin sheet 2, it may be subjected on a printed 
surface thereof to a suitable surface treatment. For ex- 
ample, the upper resin sheet 2 is formed thereon with a 
30 printing ink receiving layer depending on printing tech- 
niques employed. For example, when sublimation type 
thermal transfer printing is employed, the upper resin 
sheet 2 may be formed thereon with a coating layer 
made of vinyl chloride resin, vinyl acetate resin or poly- 
35 ester resin. When ink jet printing is employed, the upper 
resin sheet 2 may be formed thereon with a water ab- 
sorbing layer for fixing a water soluble ink therein. Also, 
in order to improve adhesion of the upper resin sheet 2,' 
it may be subjected to a surface treatment such as a 
40 corona discharge treatment, a plasma treatment, an ul- 
traviolet (UV) treatment, a primer treatment or the like 
as required. 

[0041] Then, the upper resin sheet 2 having the dis- 
play sections 1 thus printed thereon is formed with the 
4 5 projections 3 each having a configuration conforming to 
an outer configuration of each of the key top elements 
constituting the key top. Such formation of the projec- 
tions 3 may be earned out by pressure-vacuum forming. 
Now, such forming will be described with reference to 
50 Figs. 4A to 4F, wherein Figs. 4A and 4B each show a 
step of heating the upper resin sheet 2 made of thermo- 
plastic resin and having a plurality of the display sections 
1 printed thereon. First, as shown in Fig. 4A, the upper 
resin sheet 2 is arranged between dies 40 heated by a 
55 heater and then interposedly held therebetween, result- 
ing in it being heated. 

[0042] At this time, the dies 40 for heating is heated 
to a predetermined temperature which permits softening 
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of the upper resin sheet 2. Thus, the heating tempera- 
ture suitably depends on a material for the sheet 2. Typ- 
ically, the heating temperature is within a range between 
about 100°C and about 250°C. This permits the upper 
resin sheet 2 to be softened, which is then transferred 
to a pressure-vacuum forming step, wherein the resin 
sheet 2 is stretched, resulting in the projections 3 being 
formed. At this time : heating of the whole upper resin 
sheet 2 causes a top surface of each of the projections 
corresponding to each of the key top elements consti- 
tuting the key top member to be stretched as well, lead- 
ing to deformation of a letter, a figure or the like printed 
on the portion. Also, concurrent formation of the plurality 
of projections 3 causes misregistration of the display 
sections which are to be placed on the projections. 
Thus, partial heating which is adapted to heat a portion 
of the upper resin sheet 2 other than a portion thereof 
which is to constitute the top surface of each of the pro- 
jections is employed. 

[0043] To this end, the heating dies 40 are each 
formed at a portion thereof corresponding to the top sur- 
face of each of the projections 3 with a recess 41 . The 
recess 41 functions as an air heat-insulating layer which 
prevents heat from being transmitted directly to a portion 
of the upper resin sheet 2 which is to constitute the top 
surface of each projection 3, resulting in the partial heat- 
ing described above being attained. 
[0044] In this instance, it should be considered to en- 
sure that a temperature of the portion of the upper resin 
sheet 2 which is to constitute the top surface of each 
projection 3 is kept relatively low and the remaining por- 
tion thereof is heated to a level sufficient to be softened. 
Alternatively, the partial heating described above may 
be carried out by cooling of the dies rather than forma- 
tion of the recesses 41 therein. 

[0045] A temperature to which the upper resin sheet 
2 is to be heated is determined depending on a material 
therefor. Typically, it is softened at a temperature within 
a range between about 100°C and about 250°C and 
preferably between about 120°C and about 200°C. Al- 
so, the portion of the upper resin sheet 2 which is to 
constitute the top surface of each projection 3 is prefer- 
ably set at a temperature lower by about 20°C than the 
above-described temperature. 

[0046] Pressure-vacuum forming of the upper resin 
sheet 2 thus partially heated is carried out by introducing 
it into a mold 50 for pressure-vacuum forming as shown 
in Fig. 4C. The mold 50 is constituted by an upper mold 
member 51 and a lower mold 52 which are vertically 
separable from each other and is kept at a predeter- 
mined temperature lowerthan that of the dies 40 so that 
the upper resin sheet 2 softened may be cooled for so- 
lidification. Then, the upper resin sheet 2 is interposed 
between the upper mold member 51 and the lower mold 
member 52 as shown in Fig. 4D. The upper mold mem- 
ber 51 is connected through an air hole 57 to an air pump 
56, so that an air pressure may be applied to the upper 
resin sheet 2 in the upper mold member51 . The air pres- 



sure is adjusted in conformity to formability of the resin 
sheet. It is typically set to be about 1 to 20 kgf/cm 2 . Also, 
the lower mold member 52 is provided with protrusions 
53 for forming the upper resin sheet 2 with asperities by 
5 stretching. Also, the lower mold member 52 is formed 
with a plurality of fine through-holes 54 in a manner to 
be arranged around the protrusions 53, to thereby out- 
wardly evacuate air under the upper resin sheet 2 there- 
through. In order to promote the evacuation, the lower 
10 mold member 52 is connected through a vacuum evac- 
uation hole 58 to a vacuum pump 55. 
[0047] This permits the upper resin sheet 2 partially 
heatedto be exposed to both an airpressure downward- 
ly applied to an upper surface of the upper resin sheet 
'5 2 and suction force downwardly exerted on a lower sur- 
face thereof due to the evacuation, so that the upper 
resin sheet 2 may be deformed along the protrusions 53 
of the lower mold member 52, resulting in the sheet 2 
being formed with the projections 3, as shown in Fig. 4E. 
20 [0048] In this instance, the portion of the upper resin 
sheet 2 which is to constitute the top surface of each of 
the projections 53 is kept at a relatively low temperature, 
to thereby prevent the upper resin sheet 2 from being 
much heated. Also, as shown in Fig. 4E, when the iilus- 
25 trated embodiment is so constructed that a position at 
which the upper resin sheet 2 is interposed between the 
upper mold member 51 and the lower mold member 52 
is defined to be substantially identical with a level of the 
top surface of each of the projections 53, resulting in the 
30 remaining portion of the upper resin sheet2 being down- 
wardly drawn, the upper resin sheet 2 may be formed 
into a predetermined configuration while fully preventing 
stretching of the portion of the upper resin sheet 2 cor- 
responding to the top surface of each of the projections 
35 3. 

[0049] At this time, when the upper resin sheet 2 is 
brought into contact with the lower mold member 52, it 
is cooled by the lower mold member 52, to thereby be 
solidified, so that the upper resin sheet 2 may be formed 
40 with the projections 3. 

[0050] The upper resin sheet 2 thus provided with the 
projections 3 is formed on an outer periphery thereof 
with an unnecessary edging portion 6. Then, the upper 
resin sheet 2 is removed from the mold 50. The upper 
4 5 resin sheet 2 has the projections 3 connected to each 
other in series as shown in Fig. 4F. 
[0051] After the upper resin sheet 2 having the pro- 
jections 3 connected to each other is removed from the 
mold 50, it is transferred to a treatment of eliminating 
50 unnecessary portions of the resin sheet 2 such as bot- 
tom and peripheral edge portions therefrom, to thereby 
leave the top and side surfaces of the projections 3, re- 
sulting in an outer shell for the key top member in which 
the filler members 5 are received being obtained, as 
55 shown in Fig. 4F. Alternatively, removal of the unneces- 
sary portions may be carried out after arrangement of 
the filler members 5 in the projections 3. 
[0052] it should be understood that formation of the 
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projections 3 is carried out by selectively stretching a 
predetermined portion of the upper resin sheet 2 made 
of thermoplastic resin rather than stretching the whole 
resin sheet 2. For example, in the key top member of 
the present invention, the printed resin sheet has the 
display section 1 including a design such as a letter, a 
numeral, a symbol, a pattern or the like printed on the 
portion thereof corresponding to the top surface of each 
of the key top elements constituting the key top : there- 
fore, formation of the projections 3 of the upper resin 
sheet 2 requires to fix the portion of the upper resin sheet 

2 which is to constitute the top surface of each projection 

3 or key top element to mainly stretch only the side and 
bottom of the projection 3, to thereby form the projection. 
For this purpose, pressure-vacuum forming which per- 
mits the portion of the upper resin sheet2 corresponding 
to the top surface of each key top element or projection 
to be fixed and the remaining portion thereof to be 
stretched is suitable for formation of the projections 3 of 
the upper resin sheet 2. 

[0053] More particularly, in Fig. 4D, the portion of the 
upper resin sheet 2 which is to constitute the top surface 
of each of the projections 3 is fixed by the mold concur- 
rently with closing of the mold 50, to thereby be kept 
from being stretched although it is rounded as required. 
Then, as shown in Fig. 4E, a vacuum pressure and an 
air pressure are applied to an interior of the mold 50, so 
that the upper resin sheet 2 may be stretched by the 
pressures, to thereby be deformed along the mold. 
Then, the upper resin sheet 2 is cooled through the mold 
50, resulting in the projections 3 for the key top elements 
being formed. At this time, the resin sheet is stretched 
at the portions thereof corresponding to the side and 
bottom of each key top element, so that the display sec- 
tion printed on the portion of the resin sheet correspond- 
ing to the top surface of each of the projections which is 
not substantially stretched is kept from being deformed 
and reduced in thickness, resulting in the display section 
having enhanced quality. A ratio at which the portions 
corresponding to the side and bottom of each key top 
element are stretched is varied depending on dimen- 
sions of the key top element. However, it is typically 
about 30 to 80% based on an initial thickness of the resin 
sheet. 

[0054] Thus, the illustrated embodiment permits 
stretching and deformation of the portion of the resin 
sheet which is to constitute the top surface of each of 
the projections to be minimized and the remaining por- 
tion of the resin sheet to be stretched, to thereby sub- 
stantially prevent deformation of each of the printed dis- 
play sections 1 and a deterioration in aesthetic proper- 
ties thereof, resulting in a reduction in thickness of the 
printed display section which causes a deterioration in 
light shielding properties thereof in the case of character 
back-lighting being prevented. Also, it prevents cracking 
of the display section even when it is constituted by a 
silver ink hard to stretch or a silver foil, to thereby ensure 
that the key top may exhibit satisfactory appearance and 



quality. It is of course that in order to smooth a boundary 
between a portion of the upper resin sheet 2 stretched 
and a portion thereof unstretched, force by which the 
portion of the resin sheet to constitute the top surface 
of the key top element or projection is fixed may be ad- 
justed within a range which keeps the printed display 
section from being adversely affected, to thereby grad- 
ually stretch the resin sheet. Alternatively, stretching of 
the portion of the resin sheet corresponding to the top 
surface may be attained by heating the portion thereof 
to be stretched. 

[0055] Thus, pressure-vacuum forming permits an 
apparatus therefor to be highly simplified in structure 
and reduced in cost, because it merely requires only a 
heater for heating the resin sheet and a simplified mold 
formed with protrusions. Also, it permits productivity to 
be increased to a level several times as high as injection 
molding. 

[0056] However, techniques of forming the projec- 
tions 3 are not limited to pressure-vacuum forming. The 
resin sheet made of thermoplastic resin and previously 
provided with a plurality of the display sections may be 
subjected to vacuum forming or pressure forming using 
the mold shown in Fig. 4, compression molding, or the 
like, so that the projections each having a shape con- 
forming to an outer configuration of each of the key top 
elements constituting the key top may be suitably 
formed. For example, vacuum forming may be practiced 
in amannerto evacuate air through the vacuum or evac- 
uation hole provided through the recess of'the mold to 
form a vacuum atmosphere in the recess, to thereby de- 
form the printed upper resin sheet 2 softened by heating. 
This results in the upper resin sheet 2 being brought into 
tight contact with the recess, to thereby form the projec- 
tions. Also, pressure forming may be carried out by ap- 
plying an air pressure to a front or upper surface of the 
printed upper resin sheet 2 to deform the resin sheet, 
leading to close contact of the resin sheet with the re- 
cess. At this time, the mold has been cooled, so that the 
printed upper resin sheet 2 softened is cooled concur- 
rently with contact thereof with the recess, to thereby be 
solidified, so that the printed resin sheet may be formed 
with the projections. Further, compression molding may 
be carried out in a way of heating the printed upper resin 
sheet 2 to its softening point and then interposing it be- 
tween two mold members respectively formed with a re- 
cess and a projection and cooled, to thereby form the 
resin sheet 2 with the projections by means of a pres- 
sure obtained by joining the mold members together. 
Thus, the compression molding is carried out using a 
pair of the recessed mold member and projected mold 
member, to thereby be reduced in manufacturing cost 
and exhibit enhanced productivity as compared with in- 
jection molding. 

[0057] The photo-setting resin which may be used for 
formation of the filler members 5 in the illustrated em- 
bodiment is not limited to any specific material so long 
as it is in the form of liquid before solidification and so- 
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lidified by exposure to ultraviolet rays, visible rays or the 
like. Thus, the photo-setting resins include, for example, 
acrylic photo-setting resin, methacrylic photo-setting 
resin, unsaturated polyester photo-setting resin, styrene 
photo-setting resin, urethane photo-setting resin, diallyl 
phthalate photo-setting resin, a combination thereof and 
the like. The photo-setting resin may have an additive 
such as a curing agent, a catalyst, a viscosity modifier, 
a reaction rate adjusting agent, a coloring agent, a filler! 
an extender or the like added thereto. 
[0058] The photo-setting or ultraviolet-cured resin is 
poured into a mold of a predetermined configuration and 
exposed to ultraviolet rays, to thereby be cured! Then, 
the cured resin is removed from the mold and then may 
be applied to an inner surface of the projections 3 of the 
printed resin sheet 2 by means of an adhesive. 
[0059] Now, application of the cured resin to the resin 
sheet 2 will be described with reference to Figs. 5A to 
5C. The upper resin sheet 2 having the projections 3 
each formed in conformity to an outer configuration of 
each of the key top elements by pressure-vacuum form- 
ing is subjected to trimming of the unnecessary outer 
edging portion and turned over to face the projections 3 
down as shown in Fig. 5A. Then, photo-setting resin 30 
in the form of liquid is poured into the projections 3 by 
means of a dispenser 31 or the like, to thereby be filled 
therein as shown in Fig. 5B. Subsequently, as shown in 
Fig. 5C, the photo-setting resin is exposed to light 
beams 32 such as ultraviolet rays or the like emitted 
from light sources or lamps 33, to thereby be cured, re- 
sulting in the key top member of the illustrated embod- 
iment being provided. 

[0060] In general, photo-setting resin is highly shrunk 
during curing thereof. Thus, as required, after injection 
and curing of the photo-setting resin are completed 
once, the photo-setting resin is poured in an amount re- 
quired to compensate for the shrinkage again and then 
exposed to light, resulting in it being cured. 
[0061] Also, photo-setting resin not only requires ul- 
traviolet rays increased in intensity for curing thereof but 
generates heat by itself due to the curing. Thus, a cool- 
ing mechanism (not shown) may be arranged so as to 
prevent an excessive increase in temperature of the 
printed resin sheet during the curing. 
[0062] The key top member of the illustrated embod- 
iment thus manufactured is covered on an upper portion 
thereof with the resin sheet on which a variety of designs 
are printed, to thereby exhibit improved design proper- 
ties. Also, the designs are applied to the inner surface 
of the transparent resin sheet, resulting in resistance to 
wear of the designs and resistance to marring thereof 
being enhanced. Further, it may be rapidly manufac- 
tured using a vacuum or pressure-vacuum forming mold 
inherently reduced in cost and without requiring any ex- 
pensive mold. Moreover, the key top member is sub- 
stantially free from deformation of the top surface of 
each of the key top elements, deformation of the designs 
printed and misregistration thereof, to thereby exhibit 



enhanced quality. 

[0063] Further, in the key top member of the illustrated 
embodiment, the upper resin sheet 2 is arranged so as 
to cover both top and side surfaces of each of the key 
5 top elements. Thus, the key top member permits any 
desired design such as decoration or the like to be ap- 
plied to not only the top surface of the key top element 
but a portion of key top element hard to print such as a 
side surface thereof, a boundary between the top sur- 
10 face and the side surface or the like with ease. Moreo- 
ver, the illustrated embodiment permits key top ele- 
ments conventionally manufactured by injection mold- 
ing to be formed by merely pouring the photo-setting 
resin in the form of liquid into the projections and curing 
'5 it, to thereby eliminate a necessity of handling resin at 
a high temperature under an increased pressure and 
therefore a necessity of using a large-scale equipment 
and an expensive mold, leading to mass-production of 
the key top member at a low cost. 
20 [0064] In addition, the key top member of the illustrat- 
ed embodiment which has a plurality of the key top ele- 
ments formed on the single resin sheet may be put lo 
various uses without any further treatment. Alternative- 
ly, it may be further subjected to any desired treatment 
25 such as removal of an unnecessary portion from the up- 
per resin sheet by partial punching, separation of the 
key top elements from each other or the like. Typically, 
the key top member of the illustrated embodiment may 
be incorporated in the form of a key board in a mobile 
30 phone, a measuring instrument, a remote control or the 
like in such a manner that a rubber sheet member pro- 
vided thereon with protrusions for pressing electrical 
contacts is arranged under the key top and then a sheet- 
like film contact member or an electrical substrate is ar- 
35 ranged under the rubber sheet member. 

[0065] In the key top member 10 of the second em- 
bodiment shown in Fig. 2A, 2B or 2C, as described 
above, the second or lower resin sheet 22 is securely 
arranged under the upper resin sheet 2 provided with 
40 the projections 3 and the filler members 5 arranged in 
the projections 3 through the adhesive 21 so as to sur- 
round the filler members 5 in cooperation with the upper 
resin sheet 2 while vertically interposing the filler mem- 
bers 5 therebetween. The filler members 5 are each 
45 formed by filling a photo-setting resin in each of the pro- 
jections 3. Such arrangement of the lower resin sheet 
22 permits reliability of the key top member of the illus- 
trated embodiment, dimensional stability thereof, 
strength thereof, rigidity thereof and the like to be en- 
50 hanced and prevents detachment of the filler members 
5 therefrom. Also, it prevents intrusion of any foreign 
matter such as dust, water vapor or the like into an in- 
terface between the filler members 5 and the upper resin 
sheet 2, to thereby further enhance reliability of the key 
55 top. 

[0066] Also, in the illustrated embodiment, the lower 
resin sheet 22 may be made of a material colored, print- 
ed or subjected to metallic finish and the upper resin 
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sheet 2 may be formed to be semi-transparent. Such 
construction permits light entering each of key top ele- 
ments to be reflected by the lower resin sheet 22, so 
that the key top member of the illustrated embodiment 
may have a colored or lustrous design. Forexample, the 
upper resin sheet 2 may have a design such as a letter, 
a numeral or the like printed thereon using a semi-trans- 
parent blue ink and the lower resin sheet 22 is colored 
red. Such construction permits the key top to exhibit a 
unique design wherein each of the key top elements en- 
tirely exhibits a red color and a blue letter, a blue numeral 
or the like is viewed or observed through the top surface 
of the key top element as if it is floated in the key top 
element. 

[0067] The lower resin sheet 22 may be made of ther- 
moplastic resin. In view of handling of the lower resin 
sheet 22, printability thereof and the like, it is preferably 
made of polyester resin, acrylic resin, styrcnc resin, ole- 
fin resin, polycarbonate resin, ABS resin, polypropylene 
resin, polyacrylate resin or the like. 
[0068] More specifically, the thermoplastic resins in- 
clude, for example, polyethylene terephthalate, polyeth- 
ylene naphthalate, polycarbonate, polypropylene, poly- 
acrylate, polystyrene, polyvinyl chloride and the like. 
The thermoplastic resin is preferably transparent and 
colorless, transparent and colored, or semi-transparent. 
The resin sheet is formed to have a thickness of be- 
tween about 15 u,m and about 500 u.m and has display 
sections 1 including a letter, a symbol, a pattern or the 
like printed on at least one surface thereof. 
[0069] In this instance, the lower resin sheet 22 se- 
curely arranged under the upper resin surface 2 may be 
formed thereon with display sections different from the 
display sections 1 printed on the upper resin sheet 2 by 
printing. 

[0070] Printing techniques, a type of an ink and the 
like used for the printing are not substantially subjected 
to any restriction. For example, printing such as screen 
printing, offset printing, gravure printing, pad printing, 
thermal transfer printing, ink jet printing, sublimation 
printing or the like may be used. Inks for the above-de- 
scribed printing techniques may be suitably used. Also, 
a combination of the above-described printing with a de- 
posited metal film, a thin film by sputtering, a transferred 
foil, or the like may be applied to formation of a laminate, 
working for decoration such as laser working, or the like. 
Further, the upper resin sheet 2 may be formed by lam- 
inating a plurality of resin sheets identical with each oth- 
er or different from each other on each other. This is suit- 
ably selected depending on thermal characteristics of 
the resin sheet, workability thereof, printing character- 
istics thereof, design characteristics thereof and the like. 
[0071] The illustrated embodiment, as described 
above, is so constructed that the filler members 5 are 
surrounded by the upper resin sheet 2 and the lower 
resin sheet 22 while being interposed therebetween. In 
this instance, when the upper resin sheet 2 has the dis- 
play sections 1 printed thereon, the lower resin sheet 22 



may be configured in the form of either a plain or unfig- 
ured resin sheet such as a transparent sheet, a colored 
sheet or an unpatterned sheet or a printed resin sheet 
having display sections printed thereon. 
5 [0072] Also, when the upper resin sheet 2 provided 
with the projections 3 is in the form of a plain resin sheet, 
the lower resin sheet 22 may have display sections la 
printed thereon. Both resin sheets are joined together 
to constitute the key top member of the illustrated em- 
10 bodiment. 

[0073] In any event, the key top member of the illus- 
trated embodiment may be so constructed that the dis- 
play section such as a letter, a symbol, a pattern or the 
like may be observed or viewed through each of the 
15 transparent key top elements. 

[0074] The adhesive 21 arranged between the upper 
resin sheet 2 and filler members 5 in the projections 3 
and the lower resin sheet 22 is selected in view of ad- 
hesion between each of the upper and lower resin 
sheets 2 and 22 and the photo-setting resin for the filler 
members 5, workability of the adhesive and the like. In 
particular, when the lower resin sheet 22 has the display 
sections la printed thereon, the adhesive 21 is required 
to be transparent. Thus, the adhesive 21 is preferably 
selected from the group consisting of. for example, an 
acrylic adhesive, a polyester adhesive, a silicone adhe- 
sive, an urethane adhesive and the like. Also, the adhe- 
sives include a solvent evaporation type adhesive, a 
two-part setting type adhesive, a photo-setting type ad- 
hesive and the like. A photo-setting type adhesive may 
be preferably used for this purpose because it ensures 
positive adhesion between the upper resin sheet 2 and 
filler members 5 and the lower resin sheet 22 in a short 
period of time. 

[0075] Adhesion between the lower resin sheet 22 
and the photo-setting resin orf iller members 5 by means 
of the adhesive 21 is not limited to any specific manner. 
For example, it may be carried out by applying an ultra- 
violet cured adhesive at a low viscosity to the filler mem- 
bers 5 by means of a dispenser and bringing the lower 
resin sheet 22 into close contact with the filler members 
5. Then, the adhesive is immediately exposed to ultra- 
violet rays, to thereby be solidified, so that secure ad- 
hesion between the lower resin sheet 22 and the photo- 
setting resin for the filler members 5 may be ensured. 
[0076] The key top member of the illustrated embod- 
iment thus manufactured is so constructed that the up- 
per resin sheet 2 is provided with the projections 3 for 
the key top elements of the key top member 10, in which 
the photo-setting resin for the filler members 5 is filled, 
and the lower resin sheet 22 is arranged under the filler 
members 5 while being securely attached thereto by 
means of the adhesive. 

[0077] The upper resin sheet 2 has the various display 
sections 1 such as a letter, a symbol, a decoration and 
the like applied thereto. Such construction permits a de- 
sign formed on the key top element to be complicated 
as compared with direct application of such a display 
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section to the key top element. Also, it permits any de- 
sired design to be readily printed on a side surface of 
the projection 3 or key top element as well. 
[0078] Also, formation of the display sections on a 
rear or lower surface of the upper resin sheet 2 by print- 
ing prevents external exposure of the display sections 
from a front or upper surface thereof, to thereby safely 
protect the display sections, as well as the photo-setting 
resin or filler members 5. 

[0079] Further, the photo-setting resin or filler mem- 
bers 5 are covered with the lower resin sheet 22, so that 
the key top elements may be increased in strength and 
rigidity. Also, it prevents intrusion of moisture, water va- 
por, corrosive gas or the like into an interface between 
the upper resin sheet 2 and the photo-setting resin or 
filler members 5, to thereby ensure that the key top of 
the illustrated embodiment may exhibit enhanced relia- 
bility over a long period of time. 

[0080] In addition, the illustrated embodiment may be 
configured so that the light-permeable resin is com- 
pounded so as to be substantially transparent and the 
lower resin sheet 22 has decoration or the like applied 
thereto. Such configuration permits the key top to exhibit 
a variety of design or decoration properties because the 
key top elements each have the display section printed 
on top, side and bottom surfaces thereof. For example, 
the upper and lower resins 2 and 22 may each have both 
concentration and hue suitably selected so that designs 
such as a letter and the like on the upper resin sheet 2 
may be observed utilizing reflected light in the daytime 
and those on the lower resin sheet 22 may be empha- 
sized utilizing upwardly transmitted light in the night. Al- 
so, when a metal foil or hologram sheet which reflects 
light at high brightness is laminated on the lower resin 
sheet 22, the display sections printed on the upper resin 
sheet may exhibit enhanced perspective. 
[0081] Furthermore, the photo-setting resin may be 
colored or have a fine light- reflective filler, a scale-like 
filler, a pearl-like filler or the like compounded therein. 
This permits the key top of the illustrated embodiment 
to be readily provided with decoration in various ways. 
[0082] Thus, the key top member of the illustrated em- 
bodiment permits the top surface of each of the key top 
elements, the side surface thereof, the rear surface 
thereof, as well as the filler member arranged therein to 
be readily decorated. This results in the key top being 
provided with a variety of designs and exhibiting relia- 
bility over a long period of time. 

[0083] In the key top member of the embodiment 
shown in Fig, 3, the microprojections 23 are arranged 
so as to be positioned below the filler members 5 and 
downwardly projected. The microprojections 23 are 
each provided so as to act as a presser for pressing 
each of electrical contacts of a push button switch struc- 
ture. In the illustrated embodiment, as described above, 
the microprojections 23 are arranged on the lower sur- 
face of the lower resin sheet 22 fixedly arranged on the 
lower surface of each of the filler members 5 by means 



of the adhesive 21 in a manner to downwardly extend 
therefrom. The microprojections 23 may be formed by 
drawing using a mold. The microprojections 23 may 
each be filled therein with the adhesive 21 as required. 
s Alternatively, they may each be formed by adhering a 
member formed separately from the lower resin sheet 
22 to the sheet 22. 

[0084] The microprojections 23 are each formed to 
have a diameter of about 0.3 to 3.0 mm. A height thereof 
10 is determined depending on electronic equipment in 
which the key top member is to be incorporated, a height 
of a keyboard or the like. Typically, it may be formed to 
have a height of about 0.5 to 5.0 mm. 
[0085] In the illustrated embodiment, the microprojec- 
*5 tions 23 may each be formed by subjecting the lower 
resin sheet 22 made of thermoplastic resin to heating 
under pressure. Techniques of heating the lower resin 
sheet 22 under pressure may include, for example, com- 
pression of the sheet 22 in a mold, utilization of an air 
20 pressure or a vacuum pressure, or the like by way of 
example. Suitable techniques may be selected depend- 
ing on a configuration of the microprojections 23. For 
example, the microprojections 23 may be formed by 
heating the lower resin sheet 22 to a temperature near 
25 a softening point of the sheet and then inserting it into 
a vacuum mold formed with protrusions to bring the res- 
in sheet into close contact with the mold by vacuum 
force. 

[0086] The lower resin sheet 22 thus formed with the 
30 microprojections 23 is adhered to the lower surface of 
the filler members 5 by means of the adhesive 21 ac- 
cording to substantially the same procedure as de- 
scribed above. In this instance, it is preferable that the 
adhesive 21 be fully filled in each of the microprojections 
35 23 of the lower resin sheet 22. Filling of the adhesive 21 
in the microprojections 23 prevents deformation of the 
microprojections 23 when they are forcedly pressed 
against the electrical contacts. 

[0087] The above-described construction of the illus- 
trated embodiment permits the key top member to be 
arranged directly on a contact sheet without requiring a 
rubber sheet member, so that a push button switch 
structure in which the key top member is to be incorpo- 
rated may be reduced in the number of parts. 
45 [0088] As described above, the key top member 1 0 of 
the present invention may be incorporated in a mobile 
phone, a keyboard unit for electronic equipment or the 
like without any further treatment. Alternatively, a plural- 
ity of the key top members may be fixed as an assembly 
50 at a predetermined position on a rubber cover member. 
Arrangement of the plurality of key top members on the 
rubber cover member permits a single keyboard sheet 
to be constituted as a whole, to thereby facilitate incor- 
poration of a plurality of the key tops into a keyboard 
55 unit for electronic equipment. Also, a variation in config- 
uration of the rubber cover member, thickness thereof 
or the like permits a variation in height between the key 
tops. Further, in the case of the keyboard sheet, flexibil- 
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ity of the rubber cover member permits the keyboard 
sheet to be incorporated in an outer curved casing of 
electronic equipment. 

[0089] The rubber cover member which may be used 
for this purpose may be made of any one of various ther- 
moplastic elastomers such as a silicone rubber, an ure- 
thane rubber, and EPDM rubber and the like. It may be 
formed by compression molding, injection molding, 
transfer molding or the like. Fixing of the key top member 
on the rubber cover member may be carried out by fitting 
between the key top member and the cover member, 
use of an adhesive or a pressure sensitive adhesive, or 
the like. It is preferably carried out using an adhesive, 
because it permits adhesion therebetween to be firm to 
a degree sufficient to prevent detachment and peeling 
of the key top member from the cover member. 
[0090] As can be seen from the foregoing, the key top 
member of the present invention is so constructed that 
the resin sheet having at least one display section print- 
ed thereon is provided with at least one projection hav- 
ing a configuration conforming to an outer configuration 
of the key top element and at least one filler member 
made of photo-setting resin is securely arranged in the 
projection directly or through the adhesive, to thereby 
constitute the key top element. Such construction pre- 
vents deformation of the display section due to stretch- 
ing of the resin sheet, so that the key top may exhibit 
enhanced visibility. Also, it permits design data obtained 
by a computer to be applied to the display section of the 
key top element, resulting in a degree of freedom of the 
design being increased, so that the key top may be pro- 
vided with a variety of design properties. Further, it leads 
to not only a reduction in manufacturing cost of the key 
top because use of an injection mold which is inherently 
expensive is not required, but an increase in quality of 
the key top manufactured. In addition, the key top mem- 
ber of the present invention is constituted by the printed 
resin sheet formed with the projections, so that diversi- 
fied small-quantity production thereof may be attained 
without an increase in manufacturing cost. Moreover, 
the present invention permits mass production of the 
key top at a low cost as compared with the prior art 
wherein printing is applied to a molded or formed prod- 
uct, leading to a substantial improvement in productivity. 
[0091] Further, the present invention may be con- 
structed in such a manner that the filler member is sur- 
rounded by the upper and lower resin sheets while being 
vertically interposed therebetween. This permits Redis- 
play section to exhibit an unique appearance such as a 
stereoscopic feeling and an enhanced gradation effect 
due to superposition of both resin sheets. Also, the 
present invention effectively prevents formation of rug- 
gedness on the lower resin sheet due to shrinkage of 
the photo-setting resin for the filler member of the key 
top element during curing thereof, to thereby eliminate 
a deterioration in appearance of the key top and work- 
ability during manufacturing thereof and enhance adhe- 
sion between the filler member and the resin sheet, wa- 



terproofness of the key top and dust-proof n ess thereof. 
Further, the present invention ensures curing of the ad- 
hesive for lamination between the shaped sheet and the 
lower resin sheet, to thereby eliminate problems such 

5 as generation of odor from the adhesive and sticking 
thereof due to projection of the adhesive from therebe- 
tween, resulting in a commercial value of the key top 
being enhanced. Moreover, the key top member of the 
present invention exhibits enhanced safety and durabil- 

10 ity in operation thereof. 

[0092] The invention will be understood more readily 
with reference to the following examples; however, 
these examples are intended to illustrate the invention 
and are not to be construed to limit the scope of the in- 

15 vention. 

Example 1 

[0093] A resin sheet made of an acrylic resin sheet 

20 manufactured under a tradename "ACRYPRENE" by 
Mitsubishi Rayon Co., Ltd and formed to have a thick- 
ness of 0.2 mm was provided. The resin sheet had a 
plurality of lines of 0.2 mm in width screen-printed on 
one surface thereof in a manner to extend in both lon- 

25 gitudinal and lateral directions and be spaced from each 
other at intervals of 1 .0 mm. A polyester sheet of 0.2 
mm in thickness manufactured under a tradename 
"PETMAX" by TOYOBO CO., LTD. was laminated on 
the resin sheet by means of a dry laminating adhesive 

30 manufactured under a tradename "HIGH BON 7662" by 
Hitachi Kasei Polymer Co., Ltd. in a manner to keep a 
printed surface of the resin sheet facing the polyester 
sheet. The lamination was carried out for 1 0 seconds at 
a temperature of 100°C under a pressure of 2 kgf/cm 2 . 

35 This resulted in a printed resin sheet (upper resin sheet) 
which has display sections printed thereon being pro- 
vided. 

[0094] Then, the upper resin sheet was provided with 
a plurality of push button portions each formed to have 

40 a predetermined configuration. This was carried out us- 
ing a heating die (Fig. 4A) formed to have a shape cor- 
responding to a plane of projection of a key top member 
for a push button switch structure and subjected to en- 
graving by a depth of 5 mm at the same area, as well 

45 as a cooling pressure-vacuum forming mold (Fig. 4C) 
for forming the key top with projections. 
[0095] Arrangement of the upper resin sheet in each 
... of the die and mold took place so that the acrylic sheet 
was positioned in an upper member of each of the die 

50 and mold and the polyester sheet was positioned in a 
lower member thereof. A temperature of the heating die 
was controlled to be 190°C and that of the cooling pres- 
sure-vacuum forming mold was adjusted at 30°C. The 
upper resin sheet was heated for 1 second in the heating 

55 die. Then, the heated upper resin sheet was inserted 
into the pressure-vacuum forming mold, to thereby be 
subjected to pressure-vacuum forming by concurrently 
applying both an air pressure of 5 kgf/cm 2 obtained 
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through an air hole of the upper mold member and a 
vacuum pressure of 80 Torr obtained through a vacuum 
evacuation hole to the upper resin sheet. Then, after the 
upper sheet member was cooled for 3 seconds, the 
pressure-vacuum forming mold was opened, resulting 
in a sheet formed with projections (shaped sheet) beinq 
obtained. 

[0096] Then, the shaped sheet was arranged on a jig 
orfixtureso as to keep the projections of the sheet facing 
down and then ultraviolet-cured resin manufactured un- 
der a tradename "UV 1 30L" by Nogawa Chemical Co., 
Ltd. was poured into the projections of 3 mm in height 
by means of an air dispenser and exposed to ultraviolet 
rays for 1 5 seconds at a distance of 1 5 cm by means of 
a high-pressure mercury lamp of 120 W/m, to thereby 
be cured. The resin thus cured was recessed by about 
0.5 mm due to shrinkage during the curing, therefore, 
the ultraviolet-cured resin described above was further 
filled in the recess of the cured resin using the air dis- 
penser and exposed to ultraviolet rays for 5 seconds at 
a distance of 15 cm using the high-pressure mercury 
lamp of 120 W/m, resulting in a key top member for a 
push button switch structure being manufactured. 
[0097] In the key top member thus obtained, the key 
top element was formed on the top surface thereof with 
a lattice constituted by lines which are spaced from each 
other.at intervals of 1 mm and have a width of 0.2 mm. 
A maximum distance between points of the lattice was 
1 .02 mm. The whole top surface had distortion as small 
as 2%. Thus, it was found that the key top member man- 
ufactured had enhanced quality. 

Example 2 

[0098] A polyallylate sheet manufactured under a 
tradename "U -POLYMER" by UNITIKA Ltd. and formed 
to have a thickness of 0.2 mm was used as a resin sheet. 
The resin sheet was formed thereon with a white letter, 
symbol or pattern using an ink of a concentration corre^ 
sponding to 50% in light transmittance by screen print- 
ing for every push button of a push button switch struc- 
ture. Also, the letter, symbol and pattern were each con- 
tinuously trimmed at a periphery thereof with a light- 
shielding ink of a black color by screen printing. Then 
a copoiyester sheet of 0.2 mm in thickness manufac- 
tured under a tradename "Eastar PETG 6763" by EAST- 
MAN CHEMICAL JAPAN LTD. was laminated on the 
resin sheet by means of a dry laminating adhesive man- 
ufactured under a tradename "HIGHBON 790-1 n by Hi- 
tachi Kasei Polymer Co., Ltd. in a manner to keep a 
printed surface of the resin sheet facing the copoiyester 
sheet. The lamination was carried out for 1 0 seconds at 
a temperature of 1 00°C under a pressure of 5 kgf/cm2. 
This resulted in a printed resin sheet (upper resin sheet) 
which has display sections printed thereon being pro- 
vided. 

[0099] A shaped sheet was formed of the upper resin 
sheet as in Example 1 . Then, the shaped sheet was ar- 



ranged on a fixture so as to keep projections facing 
down and then ultraviolet-cured resin manufactured un- 
der a tradename "UV 130L" by Nogawa Chemical Co.. 
Ltd. was poured into the projections of 3 mm in height 
5 by means of an air dispenser and exposed to ultraviolet 
rays for 1 5 seconds at a distance of 1 5 cm by means of 
a high-pressure mercury lamp of 120 W/m, to thereby 
be cured, leading to formation of a semi-finished keytop 
member. 

10 [0100] Then, an ultraviolet-cured adhesive manufac- 
tured under a tradename "UV 250H" by Nogawa Chem- 
ical Co., Ltd. was applied to the semi-finished key top 
member by means of an air dispenser. Then, a trans- 
parent polyester sheet manufactured under a trade- 
's name "NOVACLEAR" by MITSUBISHI CHEMICAL 
CORPORATION and having an area sufficient to cover 
the whole key top member and a thickness of 0.2 mm 
was laminated on the key top member. Then, the key 
top was exposed through the transparent polyester 
20 sheet to ultraviolet rays for 5 seconds at a distance of 
15 cm using a high-pressure mercury lamp of 120W/m, 
to thereby cure the adhesive, resulting in the semi-fin- 
ished key top member having an unnecessary resin 
sheet portion attached to a periphery thereof. Then, the 
25 unnecessary resin sheet portion was removed from the 
semi-finished key top member by punching using a 
punching jig, to thereby provide a keytop member for a 
push button switch structure. 

[0101] The resultant key top member was the charac- 

30 ter back-lighting type which permits the letter or pattern 
to be observed by reflected light and permits the letter 
or the like to be bright, to thereby be observed even in 
the dark due to irradiation of light thereon through a rear 
surface thereof. Also, the key top member fully prevent- 

35 ed leakage of light therethrough when it is incorporated 
in a casing,, because a black light-shielding ink was ap- 
plied to a side surface of each of the key top elements 
and a region between the keytop elements. Further, ar- 
rangement of the transparent polyester sheet having a 

40 size sufficient to cover the whole key top member and 
a thickness of 0.2 mm fully prevented intrusion of any 
foreign matter such as dust or the like into an interface 
between the photo-setting resin and the printed sheet 
and intrusion of water vapor thereinto under high-tem- 

45 perature and high-pressure conditions (temperature: 
60°C, relative humidity: 95%, 240 hours), resulting in the 
key top member exhibiting enhanced reliability. 



50 



Example 3: 



[0102] A polyallylate sheet manufactured under a 
tradename "U-POLYMER" by UNITIKA Ltd. and formed 
to have a thickness of 0.2 mm was used as a resin sheet 
(lower resin sheet). The lower resin sheet was colored 
55 red on one surface thereof by screen printing. 

[0103] A resin sheet made of an acrylic resin sheet 
manufactured under a tradename "ACRYPRENE" by 
Mitsubishi Rayon Co., Ltd and formed to have a thick- 
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ness of 0.2 mm was provided. The resin sheet was 
formed on one surface thereof with a blue letter, symbol 
or pattern using an ink of a concentration corresponding 
to 50% in light transmittance by thermal transfer printing 
for every push button of a push button switch structure 5 
by means of a thermal transfer printer manufactured un- 
der a tradename "ColorPrint 1 635 PSJ by Seiko Instru- 
ments, Inc., resulting in a printed sheet being obtained. 
[0104] Then, a polyester sheet of 0.2 mm in thickness 
manufactured under a tradename "Eastar PETG 6763" 10 
by EASTMAN CHEMICAL JAPAN LTD. was laminated 
on the printed sheet by means of a dry laminating ad- 
hesive manufactured under a tradename "HIGHBON 
790-1" by Hitachi Kasei Polymer Co., Ltd. in a manner 
to keep a printed surface of the printed sheet facing the * 5 
polyester sheet. The lamination was carried out for 10 
seconds at a temperature of 100°C under a pressure of 
2 kgf/cm 2 . This resulted in a printed resin sheet which 
has display sections formed thereon (upper resin sheet) 
being provided. 20 
[0105] The upper resin sheet was subjected to pres- 
sure-vacuum forming as in Example 2, to thereby form 
key top elements and then an ultraviolet-cured adhesive 
manufactured under a tradename "UV 250H" by 
Nogawa Chemical Co., Ltd. was applied to the upper 25 
resin sheet by means of an air dispenser. Then, the key 
top elements, upper resin sheet and lower resin sheet 
were laminated on each other to form a laminate, which 
was exposed through a top surface of each of the key 
top elements to ultraviolet rays for 5 seconds at a dis- 30 
tance of 15 cm using a high-pressure mercury lamp of 
120 W/m, to thereby cure the adhesive, resulting in a 
key top member being obtained. 
[0106] Then, the key top member was divided into the 
individual key top elements separate from each other by 35 
cutting. Subsequently, the key top elements were each 
adhered to a light-permeable silicone rubber sheet man- 
ufactured under a tradename "KE-581 -U" by Shin-Etsu 
Chemical Co., Ltd. and formed with a protrusion for 
pressing each of electrical contacts of a push button 40 
switch structure by means of an adhesive manufactured 
under a tradename "11 -584" by Hitachi Kasei Polymer 
Co., Ltd., resulting in a key top memberfor a push button 
switch structure being obtained. 

[0107] The thus-obtained key top exhibited a unique 45 
design wherein the blue letter, symbol or pattern comes 
to a top surface of the key top element having a bottom 
colored red. 

[0108] Also, adhesion of each key top element to the 
rubber sheet permitted the key top to be readily accom- so 
modated to a substantial difference in height between 
an electric substrate and the key top element by suitably 
setting a height of the rubber sheet for every key top 
element. 

55 

Example 4 

[01 09] A transparent acrylonitrile sheet manufactured 



under a tradename "GECHRON" by Mitsui Chemicals, 
Inc. was subjected to pressure-vacuum forming as in 
Example 1 , to thereby prepare a resin sheet (lower resin 
sheet) having pressers each constituted by projections 
of 1 .0 mm in diameter and 0.5 mm in height and func- 
tioning to press an electrical contact. 
[0110] Then, a transparent acrylonitrile sheet manu- 
factured under a tradename "GECHRON" by Mitsui 
Chemicals, Inc. and formed to have a thickness of 0.2 
mm was formed on one surface thereof with a white let- 
ter, symbol or pattern using an ink of a concentration 
corresponding to 50% in light transmittance by screen 
printing for every push button of a push button switch 
structure. Then, the letter, symbol and pattern were 
each continuously trimmed at a periphery thereof with 
a light-shielding ink of a black color by screen printing, 
resulting in a resin sheet being obtained. Then, a trans- 
parent acrylonitrile sheet manufactured under a trade- 
name "GECHRON" by Mitsui Chemicals, Inc. and 
formed to have a thickness of 0.2 mm was laminated on 
the resin sheet by means of a dry laminating adhesive 
manufactured under a tradename "HIGHBON 790-1 " by 
Hitachi Kasei Polymer Co., Ltd. in a manner to keep a 
printed surface of the resin sheet facing the latter sheet. 
The lamination was carried out for 1 0 seconds at a tem- 
perature of 100°C under a pressure of 5 kgf/cm 2 . This 
resulted in a printed resin sheet (upper resin sheet) 
which has display sections printed thereon being pro- 
vided. 

[0111] Then, the upper resin sheet was subjected to 
pressure-vacuum forming as in Example 1, to thereby 
form key top elements and then an ultraviolet-cured ad- 
hesive manufactured under a tradename "UV 250H" by 
Nogawa Chemical Co., Ltd. was applied to the key top 
elements by means of an air dispenser. Then, the key 
top elements and lower resin sheet were laminated on 
each other to form a laminate, which was exposed 
through the pressers to ultraviolet rays for 5 seconds at 
a distance of 1 5 cm using a high-pressure mercury lamp 
of 120 W/m, to thereby cure the adhesive, resulting in a 
key top memberfor a push button switch structure being 
obtained. 

[0112] The resultant key top member had a variety of 
designs formed on top surfaces of the key top elements 
and was previously provided with the projection-like 
pressers for pressing electrical contacts, to thereby be 
reduced in thickness as compared with the key top in 
which the key top elements are adhered to the rubber 
sheet. Thus, it was found that the key top member is 
advantageously incorporated in a housing of a mobile 
phone or the like. 

Example 5 

[0113] A commercially available polyester sheet man- 
ufactured under a tradename "CLEAR RECEIVER" by 
VICTOR COMPANY OF JAPAN, LIMITED and formed 
to have a thickness of 0.125 mm was provided. The pol- 
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yester sheet was formed on one surface thereof or an 
ink receiving layer side thereof with a blue letter, symbol 
or pattern by thermal transfer printing for every push but- 
ton of a push button switch structure by means of a ther- 
mal transfer printer manufactured under a tradename f 
Trueprint 3500PS" by VICTOR COMPANY OF JAPAN, 
LIMITED, resulting in a printed resin sheet (lower resin 
sheet) being obtained. 

[01 1 4] Subsequently, a transparent acrylonitrile sheet 
of 0.2 mm in thickness manufactured under a trade- n 
name "GECHRON" by Mitsui Chemicals, Inc. was sub- 
jected to pressure-vacuum forming as in Example 1, re- 
sulting in a sheet for a push button formed with projec- 
tions (shaped sheet) being obtained. 
[0115] Then, the shaped sheet was arranged on a jig n 
or fixture so as to keep the projections facing down and 
then ultraviolet-cured resin manufactured under a trade- 
name "UV 130L" by Nogawa Chemical Co. s Ltd. was 
poured into the projections by means of an air dispenser 
and exposed to ultraviolet rays for 15 seconds at a dis- 20 
tance of 15 cm by means of a high-pressure mercury 
lamp of 120 W/m, to thereby be cured. Then, an ultra- 
violet-cured adhesive manufactured under a tradename 
"UV 145B" by Nogawa Chemical Co., Ltd. was applied 
to the shaped sheet by means of an air dispenser. Then, 25 
the shaped sheet and lower resin sheet were laminated 
on each other through the adhesive to form a laminate, 
which was exposed through a top surface of each of key 
top elements to ultraviolet rays for 5 seconds at a dis- 
tance of 15 cm using a high-pressure mercury lamp of so 
120 W/m, to thereby cure the adhesive, resulting in a 
key top member for a push button switch structure being 
obtained. 

[01 16] The resultant key top member was constructed 
in such a manner that the key top elements made of 35 
transparent photo-setting resin are each covered on top 
and side surfaces thereof with the transparent acryloni- 
triie sheet. Thus, the key top member permitted the de- 
sign printed on a bottom surface of each of the key top 
elements to be observed through the transparent kev *o 
top. 1 

[01 1 7] The procedure described in each of the above- 
described examples facilitated positional registration 
between the key top elements and the lower resin sheet, 
to thereby ensure positive bonding therebetween with- 45 
out causing any misregistration therebetween. Also, It 
permitted the adhesive for the lamination to be cured 
between the shaped sheet and the lower resin sheet, to 
thereby eliminate problems such as odor of the adhe- 
sive and sticking thereof due to projection of the adhe- so 
sive from therebetween. 

[0118] Such advantages of the present invention was 
proved by comparison between the above-described 
examples and the following comparative example in 
which Example 1 described above was substantially re- 55 
peated except that the partial heating was not carried 
out. 



Comparative Example 

[0119] A printed sheet having longitudinally and later- 
ally extending lines printed in a lattice-like manner ther- 
eon was obtained as in Example 1 . A die for heating the 
whole printed sheet including a top surface of each of 
key top elements and a pressure- vacuum forming mold 
for forming projections for the key top elements were 
vertically arranged in a vacuum forming machine so that 
an acrylic resin sheet and a polyester sheet were posi- 
tioned on an upper die/mold member side and a lower 
die/mold member side, respectively. Then, the heating 
die and pressure-vacuum forming mold were adjusted 
to temperatures of 170°C and 30°C, respectively. Under 
such conditions, the printed sheet was heated for 1 sec- 
ond on the heating die and then subjected to pressure- 
vacuum forming under a pressure of 5 kgf/cm 2 in the 
pressure-vacuum forming mold after 1 second, resulting 
in a sheet for a push button switch structure provided 
with projections (shaped sheet) being prepared. 
[0120] Then, the shaped sheet was arranged on a jig 
or fixture so as to keep the projections facing down and 
then ultraviolet-cured resin manufactured under a trade- 
name "UV 130L" by Nogawa Chemical Co., Ltd. was 
poured into the projections of 3 mm in height by means 
of an air dispenser and exposed to ultraviolet rays for 
15 seconds at a distance of 15 cm by means of a high- 
pressure mercury lamp of 1 20 W/m, to thereby be cured. 
The resin thus cured was recessed by about 0.5 mm 
due to shrinkage thereof during the curing, therefore, the 
ultraviolet cured resin described above was further filled 
in the recess of the cured resin using the air dispenser 
and exposed to ultraviolet rays for 5 seconds at a dis- 
tance of 15 cm using the high-pressure mercury lamp 
of 120W/m, resulting in a key top member for a push 
button switch structure being manufactured. 
[0121] In the key top member thus obtained, the key 
top element was formed on the top surface thereof with 
a lattice constituted by lines spaced from each other at 
intervals of 1 mm and having a width of 0.2 mm. A max- 
imum distance between points of the lattice was as large 
as 1.45 mm. The whole top surface had distortion as 
large as 45%, to thereby lose its original configuration. 
[0122] While preferred embodiments of the invention 
have been described with a certain degree of particular- 
ity with reference to the drawings, obvious modifications 
and variations are possible in light of the above teach- 
ings. It is therefore to be understood that within the 
scope of the appended claims, the invention may be 
practiced otherwise than as specifically described. 



Claims 

1- A key top member (10) for a push button switch 
structure including at least one key top element, 
comprising: 
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forming a resin sheet (2) having at least one 
display section (1) printed thereon with at least 
one projection (3) having a configuration con- 
forming to an outer configuration of said key top 
5 elements; and 

securely arranging a filler member (5) made of 
photo-setting resin in said projection to consti- 
tute said key top elements in cooperation with 
said projection. 

10 

7. A method as defined in claim 6, wherein said resin 
sheet comprises a thermoplastic resin sheet which 
has a plurality of the display sections previously 
printed thereon so as to conform to outer configu- 

*5 rations of the key top elements; 

the forming said thermoplastic resin sheet 
with the projections being carried out by stretching 
portions of said resin sheet other than portions 
thereof which correspond to top surfaces of the pro- 
20 jections at which the display sections are arranged 
substantially without stretching the portions corre- 
sponding to the top surfaces, to thereby prevent de- 
formation of the display sections printed and mis- 
registration thereof. 

25 

8. A method as defined in claim 6 or 7, wherein the 
arranging of the filler member includes pouring pho- 
to-setting resin in said projection after forming said 
resin sheet with the projection, and exposing the 

30 photo-setting resin to light, to thereby securely cure 
the photo-setting resin in said projection. 

9. A method as defined in ciaim 8, further comprising 
the step of arranging an additional resin sheet (22) 

35 under the cured photo-setting resin through an ad- 
hesive (21 ), whereby said f il ler member is surround- 
ed by said resin sheet having the projection and 
said additional resin sheet while being vertically in- 
terposed therebetween. 

40 

10. A method as defined in claim 9, wherein said addi- 
tional resin sheet has at least one display section 
(la) formed thereon in a manner to be different from 
said display section of said resin sheet having said 

45 projection. 



a resin sheet (2) having at least one display 
section (1 ) printed thereon and provided with at 
least one projection (3) having a configuration 
conforming to an outer configuration of said key 
top element; and 

at least one filler member (5) made of photo- 
setting resin and securely arranged in said pro- 
jection (3), to thereby constitute said key top el- 
ement in cooperation with said projection (3). 

2. A key top member ( 1 0) as defined in claim 1 , where- 
in said resin sheet (2) acts as an upper resin sheet; 

a lower resin sheet (22) is securely arranged 
under said upper resin sheet (2) and filler mem- 
ber (5) through an adhesive (21); and 
said filler member (5) is surrounded by said up- 
per and lower resin sheets (2, 22) while being 
vertically interposed therebetween. 

3. A key top member (1 0) as defined in claim 2, where- 
in said lower resin sheet (22) has at least one dis- 
play section (la) formed thereon in a manner to be 
different from said display section (1) of said upper 
resin sheet (2). 

4. A key top member (10) for a push button switch 
structure including at least one. key top element, 
comprising: 

an upper resin sheet (2) formed to be unfigured 
and provided with at least one projection (3) 
having a configuration conforming to an outer 
configuration of said key top element; 
at least one filler member (5) made of photo- 
setting resin and securely arranged in said pro- 
jection (3); and 

a lower resin sheet (22) securely arranged un- 
der said upper resin sheet (2) and filler member 
(5) through an adhesive (21), said lower resin 
sheet (22) having at least one display section 
(la) printed thereon; 

said filler member (5) being surrounded by said 
upperand lower resin sheets (2, 22) while being 
vertically interposed therebetween, to thereby 
constitute said key top element in cooperation 
with said projection (3). 

5. A key top member (10) as defined in any one of 
claims 2 to 4, wherein said lower resin sheet (22) is so 
provided thereon with at least one microprojection 
(23) adapted to press an electrical contact of the 
push button switch structure. 

6. A method for manufacturing a key top member (1 0) 55 
for a push button switch structure including at least 
one key top elements, comprising the steps of: 



11 . A method as defined in ciaim 7, wherein said form- 
ing said resin sheet with said projection including 
heating the other portions of said resin sheet so as 
to be softened using a heating die and shaping said 
resin sheet to be provided with said projection using 
a forming mold. 



15 



EP 1 102 292 A2 




16 



9 



EP 1 102 292 A2 




17 



EP1 102 292 A2 




18 



EP 1 102 292 A2 



F ! G. AA 

41 40 



F I G. AB 




41 40 



F I G. AC 




F I G. AE 




F I G; AF 



6' 2 



19 



EP 1 102 292 A2 



FI G. 5A 



2s : 



F I G. 5B 

31 



30 



i Hit r" 

2 H 30 M 6 6 D-30 
rSSS^ 




3 3 




20 



